INTRODUCTION
Pharmacotherapy is undoubtedly the most common clinical intervention for many disease conditions. While it can be highly effective in treating diseases or slowing disease progression, there are often concerns raised regarding the inappropriate use of drugs. This can lead to adverse drug reactions (ADR) and drug-drug interactions (DDI). The term polypharmacy means "multiple medications" and is considered to be present when a patient takes five or more medications. It may be "appropriate polypharmacy" when all drugs are prescribed for specific therapeutic objectives and the drug therapy has been optimised to minimise the risk of ADR. However, on occasions "inappropriate polypharmacy" might be present, when one or more drugs are prescribed that are no longer needed, and the combination of several drugs puts the patient at an unacceptably high risk of ADR.
Inappropriate polypharmacy is a clinical concern since the risks due to medications outweigh benefits for the individual patient. Rational prescribing should address this through identifying patients at greater risk of harm and deciding a medication regimen that is tailored to their changing needs and expectations. The importance of polypharmacy management is recognised worldwide. The recent WHO Third Global Patient Safety Challenge "Medication without Harm" aims to reduce severe avoidable medication related harm by 50% over 5 years, globally [1] . The EU funded project SIMPATHY [2] has been studying polypharmacy management in Europe and has identified recommendations to improve medication safety.
PRESCRIBING CASCADE
Polypharmacy can be frequently a consequence of "prescribing cascade". Prescribing cascades result when ADR to medications are treated symptomatically as newly developed conditions owing to not being recognised as drug-induced. This symptomatic prescribing leads to increase in the number of drugs per prescription and "pill burden". Eventually, the cumulative effect of multiple drugs has the potential to lead to serious complications. Table 1 gives examples of some common prescribing cascades in clinical practice.
Table1. Common clinical prescribing cascades

Initial drug
Resulting It is important to recognise that new conditions that develop in patients might be drug induced and explore if there is potential to stop the offending medication. Other pharmacological or nonpharmacological alternatives may be considered in place of the suspected drug. Targeted deprescribing (discussed below) in chronic conditions avoids ADRs and improves clinical outcomes. Thus, recognising and avoiding prescribing cascades in practice can reduce medication burden and improve quality of life.
POLYPHARMACY IN THE ELDERLY
Polypharmacy is a common problem encountered in all clinical settings but it is of particular concern in the elderly patients due to additional risk factors. Apart from causing ADR and DDI, polypharmacy can lead to increased risk of non-adherence, cognitive impairment, risk of falls, increased morbidity, hospitalizations and mortality in the elderly [3, 4] . The reasons for these polypharmacy related complications in the elderly are manifold. Pharmacokinetics and pharmacodynamics change as people age due to progressive functional decline in organ systems.
There are changes in a number of pharmacokinetic parameters with aging. There is an age-related decrease in small-bowel surface area, slowed gastric emptying, and an increase in gastric pH leading to reduced absorption of drugs that require an acidic pH (eg calcium carbonate). There is a relative increase in body fat and reduction in lean body mass. The increase in fat increases the volume of distribution of highly lipophilic drugs (eg, diazepam, chlordiazepoxide). This leads to an increase in their elimination half-lives causing a risk of toxicities. Reduced albumin levels are common in elderly which can result in toxicity of highly protein bound drugs such as warfarin and phenytoin [5] . Hepatic metabolism of many drugs through the cytochrome P-450 enzyme system decreases with age leading to a reduction in clearance by upto 30-40%. Thus, drug dosage should be decreased accordingly and dose adjustments should be individualized. The most important pharmacokinetic change associated with aging is decreased renal elimination of drugs. The age-related decrease varies substantially from person to person and creatinine clearance (measured or estimated using computer programs or a formula, such as Cockcroft-Gault) is used to guide dosing for most drugs eliminated by the kidneys [6] . Pathological age-associated changes in organs can lead to changes in drug-receptor interaction, in post-receptor events, and in adaptive homeostatic responses among frail patients. Older people's central nervous system is often more sensitive to opioids, benzodiazepines, anti-parkinson medications and anti-psychotics. The elderly are also particularly sensitive to anticholinergic drug effects. Many drugs (eg, tricyclic antidepressants, sedating antihistamines, urinary antimuscarinic agents, some antipsychotic drugs, antiparkinsonian drugs with atropine-like activity, many OTC hypnotics and cold preparations) have anticholinergic properties. Elderly patients, particularly those with cognitive impairment, are particularly prone to CNS adverse effects of such drugs and may become more confused and drowsy [7] . Antimuscarinic effect of drugs can also cause constipation, urinary retention (especially in older men with benign prostatic hyperplasia), blurred vision, orthostatic hypotension, and dry mouth. It is recommended to reduce anticholinergic burden on patients, this category of drugs should be avoided if possible and if used, doses should be minimised [8] . There is insufficient evidence related to appropriate medication use in the geriatric age group. It should be borne in mind that even though the elderly population are the biggest consumer of drugs, they are not represented in the clinical trials. Various strategies have been developed to reduce risk of ADR in the elderly-eg Screening Tool of Older Person's Prescriptions (STOPP) and Screening Tool to Alert doctors to Right Treatment (START) [9] . STOPP consists of 65 clinically significant criteria for inappropriate prescribing in the elderly and START comprises of 22 evidence-based prescribing indicators for frequently encountered disease conditions in the geriatric population. The Beers List of potentially inappropriate medications for older adults is another frequently used reference tools in the field of geriatrics.
POLYPHARMACY AND ECONOMIC BURDEN
Polypharmacy increases the economic burden on healthcare resources directly through greater number of drugs dispensed and consumed. There is increase in the cost of prescribing and medicines waste. A patient receiving multiple medicines requires more monitoring and greater contact with health professionals. There is also the additional expense of unscheduled hospital admissions due to ADR and polypharmacy complications. SIMPATHY Economic Analysis tool [10] has been developed as a part of European commission project to analyse the costs and benefits associated with carrying out polypharmacy reviews. It has the potential to be included in the polypharmacy management plan to improve resource productivity.
REVIEWING MEDICATION NEED AND EFFECTIVENESS
Numbers needed to treat (NNT) are calculated to understand the probable clinical efficacy of a drug for the individual patient and to predict the likely impact over a 12 month period. NNT is an objective measure of the effectiveness of a particular medication or intervention. The NNT is the average number of patients who require to be treated for one to benefit compared with a control in a clinical trial. Annualised NNT provides a numerical comparison between different therapeutic options. The ideal NNT is 1, when every treated person improves with the treatment. The higher the NNT, the less effective is the treatment. Clinicians may consider discussing the NNT for a range of medicines available for a particular condition as a strategy to aid in therapeutic decision making with the multidisciplinary team as well as with patients about the likely benefit [11] .
DEPRESCRIBING
Deprescribing is the planned and supervised process of dose reduction or stopping of medication that might be causing harm, or no longer be of benefit. It is part of good prescribing and implies reducing doses when they are too high or stopping medications that are no longer needed. Clinicians and pharmacists can undertake a medication review for patients taking multiple drugs and attempt deprescribing which has been found to be a safe and effective approach towards addressing polypharmacy. Optimizing medication through targeted deprescribing is a vital part of managing chronic conditions, avoiding adverse effects and improving outcomes. The goal of deprescribing is to reduce medication burden and maintain or improve quality of life.
Decisions around deprescribing can be very difficult. Physicians report various challenges in weighing the benefits and harms of continuing or stopping medications, as well as identify a need to have clear information about the processes for cessation in order to gain confidence regarding deprescribing [12] . Few evidence-based guidelines exist to support safe deprescribing for specific classes of medication. These include proton pump inhibitors, benzodiazepines, antipsychotics, dementia medications among others. The guidelines incorporate easy to use algorithms that provide evidence for the benefits and harms of continuing or deprescribing the medications. These algorithms also take into account patient preferences and values surrounding deprescribing, together with practical advice on how to implement deprescribing [13] . Medstopper is another useful strategy developed to aid deprescribing. It is a web-based tool developed by a team of health professionals to help doctors and their patients look at a list of medications to decide if some should be stopped or changed. The medications are ranked in order with those least safe or effective at the top (consider stopping first) and colour coded. Educational resources are available that include case reports and examples of polypharmacy management and deprescribing [14, 15] .
CONCLUSION
Polypharmacy is a growing problem with patients with multi-morbidities and the geriatric population particularly at risk. This paper highlights the risks and consequences of prescribing cascades in clinical practice and strategies to avoid them. Various screening tools to detect inappropriate polypharmacy and educational resources relevant to clinicians, pharmacists and nursing prescribers are included. Pragmatic measures that the healthcare professionals might consider in their regular day to day practice have been discussed with a particular focus on deprescribing high-risk medications in the elderly.
